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COMPLETE SPECIFICATION. 

Improvements in or relating to the Manufacture of Flat Glass. 

glass on the molten metal via the molten 
metal itself. 

At the temperature of the bath these traces 
of oxygen in the atmosphere over the molten 45 
metal may react with the molten metal at its 
surface to produce very small quantities of 
metal oxide. The metal oxide is in general 
a contaminant for the glass as by reason of 
volatilisation and re-condensation it may be 50 
deposited on the upper surface of the glass. 

It is a main object of the present inven- 
tion to provide an improved method of 
manufacturing flat glass during which the 
glass is in contact with molten metal by 55 
inhibiting reaction of oxygen at the surface 
of the molten metal. 

Accordingly the present invention pro- 
vides in the manufacture of flat glass dur- 
ing which the glass is in contact with a 60 
molten metal, maintaining over the molten 
metal a protective atmosphere comprising 
a major proportion (i.e. more than 50%) 
of a gas which is inert or substantially inert 
at the temperature existing above the 65 
molten metal, and a proportion of a 
reducing gas to react with any oxygen 
present in the atmosphere over the 
molten metal, and thereby inhibiting 
reactions which form contaminants at the 70 
surface of the molten metal. 

The method of the present invention has 
particular application to the manufacture 
of flat glass in ribbon form on a bath of 
molten metal, and it is a particular object 75 
of the present invention to provide an im- 
proved method of manufacturing flat glass 
in ribbon form on a bath of molten metal 
by inhibiting reaction of oxygen at the sur- 
face of the bath. 80 

According to one aspect, therefore, the 
present invention provides in the manufac- 
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10 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

15 This invention relates to the manufacture 
of flat glass. 

In the manufacture of flat glass in which 
glass is in contact with a molten metal, for 
example a method in which flat glass is 

20 manufactured in ribbon form on a bath of 
molten metal, for example molten tin or tin 
alloy in which tin predominates, in order to 
protect the molten metal a plenum of pro- 
tective atmosphere is maintained over it. The 

25 molten metal with which the glass is in con- 
tact is such as to have all the characteristics 
as fully described in British Patent No. 
769.692 for the molten bath. 
The protective atmosphere employed over 

30 the molten metal is constituted by a non- 
oxidising gas, and must be a gas which will 
not chemically react to any substantial extent 
with the molten metal to produce contamin- 
ants of the glass. 

35 However, even when a plenum of protec- 
tive atmosphere is maintained over the mol- 
ten metal, the exposed surface of the bath 
may be subjected to contamination through 
traces of oxygen which find their way into 

40 the atmosphere over the molten metal either 
from the_externaL-^tmosphere or from the 
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ture of flat glass during which the glass is 
supported on a bath of molten metal, main- 
taining in the head-space over the bath a 
protective atmosphere comprising a major 
5 proportion (i.e. more than 50%) of a gas 
which is inert or substantially inert at the 
temperature of the headspace over the bath, 
and a proportion of a reducing gas to react 
with any oxygen present in the atmosphere 
10 over the bath, and thereby inhibiting reac- 
tions which form contaminants at the sur- 
face of the bath. 

The gas which comprises the major pro- 
portion of the protective atmosphere is a gas 
15 such as nitrogen or argon, which is inert or 
substantially inert at the temperature of the 
headspace over the bath; in particular this 
gas must be inert or substantially inert to 
the metal of the bath. 
20 According to this aspect, therefore, the 
present invention further provides, in the 
manufacture of flat glass during which the 
glass is supported on a bath of molten tin, 
maintaining in the headspace over the bath 
J5 a protective atmosphere comprising a major 
proportion (i.e. more than 50%) of a gas 
such as nitrogen or argon which is inert or 
substantially inert to the tin, and a propor- 
tion of a reducing gas such as hydrogen 
* u which will react with any oxygen present 
in the protective atmosphere, thereby in- 
hibiting reaction of the oxygen at the sur- 
face of the bath. 

Advantageously, the protective atmosphere 
^ 5 consists of the two gaseous components 
only, the major proportion of gas which is 
inert or substantially inert comprising at 
least 85% of the protective atmosphere, and 
the reducing gas comprising the remainder 
4U of the protective atmosphere. 

Preferably, the gas which is inert or sub- 
stantially inert comprises at least 90% of 
the protective atmosphere. 
The contaminants for the bath, and prim- 
40 arily the oxygen which it is desired to elim- 
inate from the headspace, will enter at the 
inlet or the outlet to the bath against the 
plenum of protective atmosphere, and 
accordingly it is of primary importance that 
ou an adequate proportion of the reducing gas 
shall be maintained in the regions of the in- 
let and outlet of the bath. 

According to this aspect, therefore, the 
present invention provides, in the manu- 
55 facture of flat glass during which the glass 
is supported on a bath of molten metal, 
maintaining over the inlet and the outlet of 
the bath an atmosphere under conditions 
such that contaminants, e.g. oxygen, in the 
60 regions of said inlet and said outlet are re- 
acted, and reaction of said contaminants at 
the surface of the bath is inhibited. 

More particularly, according to this aspect 
of the invention, reducing conditions are 
65 maintained in the region of the outlet from 



the bath by introducing a mixture of gases 
comprising a major proportion of a gas such 
as nitrogen or argon which is inert or sub- 
stantially inert to the metal of the bath, and 
a proportion of a reducing gas such as 70 
hydrogen, the said mixture of gases having 
been preheated to a temperature at which 
the reducing gas will react with contamin- 
ants, e.g. oxygen, present in the region of 
the said outlet 75 

Alternatively, reducing conditions in the 
region of the outlet are maintained by main- 
taining a protective atmosphere comprising 
a major proportion of a gas such as nitro- 
gen or argon which is inert or substantially 80 
inert to the metal of the bath and a pro- 
portion of a reducing gas such as hydrogen, 
in the presence of a combination catalyst in 
the said region, which catalyst is effective 
to cause the reducing gas to react with oxy- 85 
gen in the atmosphere in said region. 

Preferably, the protective atmosphere 
which is maintained in the region of said out- 
let consists of a gas which is inert~or sub- 
stantially inert, with an admixture of about 90 
3% to about 10% of a reducing gas. 

As regards the region of the inlet to the 
bath, there is maintained in said region a 
protective atmosphere consisting of a gas 
which is inert or substantially inert with an 95 
admixture of about 2% to about 8% of a 
reducing gas. 

Desirably, there is maintained in the head- 
space over the bath between the regions of 
said inlet and said outlet, a protective atmo- 100 
sphere consisting of a gas which is inert or 
substantially inert with an admixture of 
about 0.25% to about 3.0% of a reducing 
gas. 

Advantageously, the reducing gas which 105 
is used in the regions of the inlet and the 
outlet, and in the headspace between the 
said regions, is hydrogen. 

According to a preferred feature, the 
present invention provides, in the manufac- 110 
ture of flat glass during which the glass is 
supported on a bath of molten tin, maintain- 
ing over the bath in the region of the inlet to 
the bath a protective atmosphere consisting 
of a gas such as nitrogen or argon which 115 
is inert or substantially inert to the tin at the 
temperature in said inlet region with an 
admixture of about 2% to about 8% of 
hydrogen, maintaining over the bath in the 
region of the outlet from the bath a protec- 120 
tive atmosphere consisting of a gas such as 
nitrogen or argon, which is inert or sub- 
stantially inert to the tin. with an admixture 
of about 3% to about 10% of hydrogen, and 
maintaining in the headspace over the bath 125 
between the said inlet region and said outlet 
region a protective atmosphere consisting of 
a gas such as nitrogen or argon which is 
inert or substantially inert tolhe tin, with 
an admixture of about 0.25% to about 3.0% 130 
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of hydrogen, whereby oxygen present in the 
said protective atmospheres will react with 
the hydrogen to form water vapour, thereby 
inhibiting reaction of the oxygen at the sur- 

5 face of the bath. 

The desired proportions of hydrogen in the 
regions of the inlet and outlet, and in the 
headspace over the bath, may conveniently 
be maintained by introducing the hydrogen 

10 via the molten metal of the bath, whereby 
contaminants of the bath preferentially react 
with the hydrogen, and the unreacted hydro- 
gen enters the headspace. 

In order that the invention may be more 
15 clearly understood, some preferred arrange- 
ments in accordance therewith will now be 
described, by way of example, with reference 
to the drawings accompanying the Pro- 
visional Specification in which: — 

20 Figure 1 is a sectional elevation of ap- 
paratus according to the invention com- 
prising a tank structure containing a 
bath of molten metal, a roof structure 
over the tank structure and apparatus 

25 for delivering a rolled ribbon of gas at 
a controlled rate on to the bath sur- 
face, 

Figure 2 is a plan view of the inlet end of 
a tank structure showing a different 
30 arrangement from that of Figure 1, 

Figure 3 is a sectional elevation of the 
outlet end of a tank structure showing a 
different arrangement from that of 
Figure 1, 

35 and with reference to the accompanying 
drawings in which : — 

Figure 4 shows diagrammatically a pre- 
ferred form of heating chamber for use 
in the apparatus of Figure 1, and 
40 Figure 5 shows a preferred arrangement 
of a heating coil for the heating cham- 
ber. 

In the drawings, like reference numerals 
designate the same or similar parts. 

45 Referring to the drawings and more par- 
ticularly to Figure 1, a forehearth of a con- 
tinuous glass melting furnace is indicated 
at 1, a regulating tweel at 2 and a spout at 3. 
The spout 3 comprises a lip 4 and side jambs 

50 5 which form with the lip a spout of gener- 
ally rectangular cross-section. A cover is 
secured over the spout 3 in well-known 
manner. 

Operatively associated with the spout 3 
55 are a pair of water-cooled casting rolls 6 and 
7 which are mounted in side frames 8 and 
are driven through toothed wheels by power 
means, not shown. 

A gate 10 is adjustably supported in a 
60 vertical plane in continuity with the upper 
casting roll 6 The gate 10 shields the roll 
6 from heat radiated from the molten glass 
11 flowing from the forehearth 1 over the lip 



4 of the spout 3 to the pass between the cast- 
ing rolls 6 and 7. 65 

The upper casting roll 6 is disposed 
slightly in advance of the lower casting roll 7 
so that the molten glass 11 flows from the 
lip 4 on to the upper part of the roll 7 which 
thus presents to the glass 11 a downwardly 70 
and forwardly directed arcuate casting bed 
moving in the same direction as the direc- 
tion of flow of the glass 1 1 along the spout. 
Thus the molten ^lass 11 on leaving the 
spout 3 is constrained to flow forwardly 75 
thereby preventing backward flow of molten 
glass under the spout 3. 

The ribbon forming means comprising 
casting rolls 6 and 7 just described is dis- 
posed over one end of a tank structure which 80 
contains a bath 12 of molten metal, for ex- 
ample molten tin or a molten tin alloy in 
which tin predominates. The tank comprises 
a floor 13, side walls 14 and end walls 15. 
The side walls 14 and end walls 15 are in- 85 
tegral with each other and with the floor 
12. The level of the surface of the bath 12 
of molten metal is indicated at 16. 

The tank structure supports a roof struc- 
ture bridging the bath and including a roof 90 
17, end walls 18 and 19, and side walls 20, 
so that the roof structure provides a tunnel 
over the bath 12 and defines a headspace 
over the bath. An outlet 23 is defined by the 
end wall 19 of the roof structure, and the 95 
end wall 15 of the tank structure, and a 
cooled ribbon of glass is taken unharmed 
from the bath through the outlet 23. 

The roof structure also includes an in- 
termediate wall 27 situated near the outlet 100 
end of the bath, so that the headspace over 
the bath is divided into a main or central 
headspace between the end wall 18 and the 
intermediate wall 27, and a similar head- 
space or chamber between the intermediate 105 
wall 27 and the end wall 19. A protective 
atmosphere maintained at a plenum is fed 
into the main or central headspace through 
the ducts 20a which are connected to a 
header outside the roof structure, the ducts 110 
20a extending downwardly through the roof 
17. The protective atmosphere which is fed 
into the main or central headspace over the 
bath through the ducts 20a consists of 99.5% 
of nitrogen and 0.5% of hydrogen. 116 

A protective atmosphere is supplied to the 
smaller headspace or chamber between the 
intermediate wall 27 and the end wall 19 of 
the roof structure by a duct 206, which ex- 
tends downwardly through the roof 17. The 120 
intermediate wall 27 thus separates from the 
main headspace over the bath an outlet 
region in which a protective atmosphere dif- 
ferent from that in the main headspace may 
be maintained. The protective atmosphere 125 
fed through the duct 20b consists of 95% 
nitrogen and 5% hydrogen, and the gases 
entering through the duct 206 are first passed 
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through the heating chamber 31 in which 
the gases are preheated to about 800 3 C 
Consequently, the protective atmosphere in 
the outlet region of the structure is at a 
5 greater temperature than the temperature of 
the bath in that region, which is normally 
about 600° C, so that reaction between the 
hydrogen in the protective atmosphere intro- 
duced through the duct 20b, and any oxygen 
10 which may enter through the outlet 237 is 
promoted and water vapour is formed, the 
oxygen being thus combined before it can 
come into contact with the surface 16 of the 
bath 12. 

15 In general any water vapour formed is 
carried away in the exhaust through the 
outlet 23. However, if any water vapour 
should remain in the atmosphere over the 
molten tin. the oxygen present is in a com- 

20 bined form and combined oxygen is much 
less ready to react with the molten tin at the 
surface 12 of the bath than is uncombined 
oxygen. However, some reaction of the 
— water vapour with- the- molten tin to yield 

25 tin oxide may occur at the temperature of 
the outlet end of the bath, the products of 
the reaction being tin oxide and hydrogen. 
This reaction is an equilibrium reaction, and 
the presence of some hydrogen already in the 

30 protective atmosphere alters the equilibrium 
of the reaction to reduce this oxidation of 
the tin, so that the hydrogen in the protec- 
tive atmosphere at the outlet end of the bath 
additionally inhibits the oxidation of the tin 

35 by any water vapour which may be present 
in the atmosphere in that region. 

The end wall 18 at the inlet end of the 
tank extends downwardly into the tank 
structure, and defines an inlet 21 through 

40 which a formed ribbon of glass 22 is deli- 
vered by the casting rolls 6 and 7 on to the 
bath. An extension 24 of the roof is pro- 
vided and forms, with the gate 10 and the 
end wall 18 of the roof structure, a chamber 

45 enclosing the casting rolls 6 and 7. This 
chamber further comprises side walls 25 
which are carried by the side walls 14 of the 
tank. A protective atmosphere is fed into 
this chamber in the inlet region of the bath 

50 through the duct 20c, and the protective 
atmosphere fed through the duct 20c consists 
of 95% nitrogen and "5% hydrogen. 

The temperature at the inlet end of the 
bath is of the order of 1,000°C, so that if 

55 any oxygen should enter the chamber in the 
inlet regions, this will react with the hydro- 
gen in the protective atmosphere, and the 
oxygen will be combined before it can come 
into contact with the surface 16 of the bath 

60 12 . 

Thus, if oxygen enters the chamber in the 
inlet region, it is present only as water vapour, 
and at the temperature of the inlet region 
hydrogen has a greater affinity for oxygen 
65 than has the molten tin of the bath so that 



formation of tin oxide at the surface of the 
bath is substantially prevented. 

As already indicated, the atmosphere in 
the main headspace over the bath is main- 
tained at a plenum so that there will be a 70 
flow of protective atmosphere outwardly 
through the inlet 21 and beneath the inter- 
mediate wall 27. The protective atmosphere 
in the chambers in the inlet and outlet re- 
gions is maintained at a lesser plenum so that 76 
there is a further outward flow of protective 
atmosphere around the casting rolls 6 and 
7, and through the outlet 23. 

In the embodiment of the invention des- 
cribed herein by way of example, tempera- 80 
ture regulators, shown as heaters 26, are 
mounted in the roof over the bath and fur- 
ther temperature regulators shown as heaters 
29 are mounted in the bath. The temperature 
gradient down the bath is so regulated that 85 
the ribbon of glass leaving the bath through 
the outlet has flat parallel surfaces which 
have a lustre of a fire finish quality. These 
characteristics of the glass leaving the bath 
are achieved either by superficial melting of 90 
the surfaces of the glass as it is advanced 
along the bath or by maintaining the tem- 
perature of the bath at the inlet end at at 
least about 1,000°C, so that a molten layer 
28 of glass is formed from the ribbon 22, 95 
this layer being maintained molten for a 
sufficient distance down the bath to permit 
the development of a buoyant body 30 of 
molten glass. The buoyant body 30 of molten 
glass is continually advanced in ribbon form 100 
along the bath and is cooled as it is ad- 
vanced until at the outlet end of the bath 
where the temperature is about 600°C the 
ribbon can be taken unharmed from the bath 
by driven rollers 37 disposed at the outlet 105 
end of the tank and slightly above the level 
of the bottom of the outlet 23 from the 
bath. 

As an alternative to the introduction of 
the mixture of gases, that is to say the 95% 110 
nitrogen and 5% hydrogen, through the 
duct 20c shown in Figure T, it is possible for 
the nitrogen and the hydrogen to be sup- 
plied . separately. For example the nitrogen 
may be supplied through the duct 20c and 115 
the smaller proportion of hydrogen may 
enter the headspace over the bath "by being 
bubbled through the molten metal of the 
bath 12 from inlet passages 32, as shown 
in Figure 2. Figure 2 also shows an alter- 120 
native method of delivering molten glass to 
the bath 12 of molten metal, the molten glass 
being delivered so that it has a free fall of 
a few inches from the spout 3; the molten 
glass then flows forwardly on to the bath 12 125 
on which thz glass is advanced. 

In practice the quantity of hydrogen de- 
livered from the inlet passages 32 will be 
slightly more than the five parts for every 
ninety-five parts of nitrogen. This is be- 130 
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cause the hydrogen which actually enters 
the headspace in the inlet region will be less 
than the hydrogen passing into the molten 
metal of the bath from the inlet passages 32, 
5 as some of the hydrogen passing through the 
molten metal of the bath will react with 
contaminants, for example oxygen, which 
may be present in the molten metal of the 
bath. 

10 Similarly, the hydrogen required in the 
headspace over the central part of the bath, 
and also in the chamber in the inlet region of 
the bath, may also be introduced through the 
molten metal of the bath if desired. 

15 As ari alternative to the preheating of the 
protective atmosphere introduced into the 
chamber in the outlet region of the bath, 
which preheating in the embodiment of 
Figure 1 takes place in the heating cham- 

20 ber 31, there may be included in the out- 
let chamber a basket 34 containing a com- 
bination catalyst, for example of palladium, 
which causes the hydrogen present in the 
atmosphere to react with any oxygen enter- 

25 ing through the outlet 23 even though the 
temperature in the outlet chamber is of the 
order of 600°C. only. 

Referring to Figure 4 of the drawings, 
there is shown diagrammatically a preferred 

30 arrangement of pipe 38 in the heating cham- 
ber 31. The pipe 38 consists of a four 
pass system, so that the gas entering through 
the inlet 39 traverses the sections 40, 41, 42 
and 43 of the pipe in sequence before leav- 

35 ing the heating chamber 31 and being con- 
veyed to the duct 206. The pipe 38 is con- 
veniently a thermalloy tube having a total 
length about 15 feet, and the pipe 38 is 
packed around in the heating chamber 31 

40 by an appropriate insulating material. 

A separate heating element is included 
in each of the sections 40 to 43 of the pipe 
38. Advantageously the heating elements 
in the different sections of the pipe have 

45 different powers and are arranged in order 
of descending power in the sections 40 to 
43. The form of the heating element is 
shown in Figure 5 of the drawings, and each 
heating element comprises a series of spiral 

50 sections 44 so that thermal contact with all 
parts of the stream of passing gas is achieved. 
The heating elements advantageously com- 
prise the essential inner conducting material 
surrounded by high purity magnesium oxide 

55 as insulant, the whole being sheathed in stain- 
less steel. 

Using the heating chamber and heating 
elements described with reference to Figures 
4 and 5, it was found that an exit temper- 
60 ature of 800° C. for the gas leaving the heat- 
ing chamber 31 through the outlet 45 could 
be conveniently and economically main- 
tained. 

By the use of the embodiments of the in- 
65 vention described with protective atmo- 



spheres in the chambers in the inlet and 
outlet regions of the bath, the ingress of 
uncombined oxygen into the headspace over 
the bath from the external atmosphere is 
substantially prevented. However, as already 70 
indicated, some uncombined oxygen may 
enter the headspace over the bath from the 
glass on the bath, and the smaller range of 
hydrogen content in the main central head- 
space over the bath is maintained in order 75 
to prevent the atmosphere in the headspace 
becoming an oxidising atmosphere as a re- 
sult of oxygen entering the headspace from 
the molten glass on the bath. 

If desired, the nitrogen forming the main 80 
component of the protective atmosphere may 
be replaced by a suitable inert gas, and 
argon and helium are two possible alter- 
natives to nitrogen as the major component 
of the protective atmosphere. 85 

Glass produced by the method according 
to the present invention has all the ad- 
vantages of a fire finish quality and freedom 
from distortions such as occur in the known 
rolling or drawing methods. 90 

This invention comprehends flat glass pro- 
duced by the method according to the in- 
vention, and sheet glass cut therefrom. 

In this Specification all gas percentages are 
percentages by volume. 95 

The feature by which hydrogen is passed 
through the molten metal is further described 
and claimed in co-pending Application No. 
39251/63 (Serial No. 1,034,333). 

WHAT WE CLAIM IS:— 100 

1. In the manufacture of flat glass during 
which the glass is in contact with a molten 
metal, maintaining over the molten metal a 
protective atmosphere comprising a major 
proportion (i.e. more than 50%) of a gas 105 
which is inert or substantially inert at the 
temperature existing above the molten metal, 
and a proportion of a reducing gas to react 
with any oxygen present in the atmosphere 
over the molten metal, and thereby inhibiting 110 
reactions which form contaminants at the 
surface of the molten metal. 

2. In the manufacture of flat glass dur- 
ing which the glass is supported on a bath of 
molten metal, maintaining in the headspace 115 
over the bath a protective atmosphere com- 
prising a major proportion (i.e. more than 
50%) of a gas which is inert or substantially 
inert at the temperature of the headspace 
over the bath, and a proportion of a re- 120 
ducing gas to react with any oxygen present 

in the atmosphere over the bath, and there- 
by inhibiting reactions which form contamin- 
ants at the surface of the bath. 

3. In the manufacture of flat glass dur- 125 
ing which the glass is supported on a bath 

of molten tin, maintaining in the headspace 
over the bath a protective atmosphere com- 
prising a major proportion (Le. more than 
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50%) of a gas such as nitrogen or argon 10. In the manufacture of flat glass 
which is inert or substantially inert to the according to any of Claims 6 to 9, utilising 
tin, and a proportion of a reducing gas such hydrogen as the said reducing gas. 60 
as hydrogen which will react with any oxy- 11. In the manufacture of w flat glass dur- 

5 gen present in thte protective atmosphere, ing which I he glass is supported on a bath 

thereby inhibiting reaction of the oxygen at of molten tin. maintaining over the bath in 

the surface of the bath. the region of the inlet to the bath a pro- 

4. A method according to any of the pre- tective atmosphere consisting of a gas such 65 

ceding claims, wherein the major propor- as nitrogen or argon which is inert or sub- 

10 tion of gas which is inert or substantially stantially inert to the tin at the temper- 
inert comprises at least 85% of the protec- ature in said inlet region with an admix- 
tive atmosphere, and the reducing gas com- ture of about 2% to about 8% of hydro- 
prises the remainder of the protective atmo- gen, maintaining over the bath in the region 70 
sphere. of the outlet from the bath a protective 

15 5. A method according to Claim 4, atmosphere consisting of a gas such as nitro- 

wherein the major proportion of gas which is gen or argon, which is inert or substantially 

inert or substantially inert comprises at least inert to the tin, with an admixture of about 

90% of the protective atmosphere. 3% to about 10% of hydrogen, and main- 75 

6. A method according to Claim 2 or taining in the headspace over the bath be- 
20 Claim 3 wherein reducing conditions are tween the said inlet region and said outlet 

maintained in the region of the outlet of the region a protective atmosphere consisting of 

bath by introducing a mixture of gases a gas such as nitrogen or argon which is 

comprising a major proportion of a gas such inert or substantially inert to the tin, with 80 

as nitrogen or argon, which is inert or sub- an admixture of about 0.25% to about 3.0% 

25 stantiaHy inert to the metal of the bath, and of hydrogen, whereby oxygen present in the 

a proportion of a reducing gas such as hy- said protective atmosphere will react with 

drogen, the said mixture of gases having the hydrogen to form water vapour, thereby 

been preheated to a temperature at which the inhibiting reaction of the oxygen at the sur- 85 

reducing gas will react with the oxygen face of the bath. 

30 present in the region of the said outlet *~ 12. In the manufacture of flat glass ac- 

7. A method according to Claim 2 or cording to either Claim 10 or Claim 11. 
Claim 3 wherein reducing conditions are maintaining the desired proportion of hydro- 
maintained in the region of the outlet of the gen in the protective atmosphere by introduc- 90 
bath by maintaining a protective atmosphere ing the hydrogen through the molten bath, 

35 comprising a major proportion of a gas such whereby contaminants in the bath prefer- 
as nitrogen or argon, which is inert or sub- entially react with part of the hydrogen pass- 
stantially inert to the metal of the bath, and ing through the bath. 

a proportion of a reducing gas such as hy- 13. A"melhod of manufacturing flat glass. 95 

drogen in the presence of a combination cata- during which the glass is in contact with a 

40 lyst in the said region, which catalyst is molten metal, substantially as hereinbefore 

effective to cause the reducing gas to react described 

with oxygen in the atmosphere in the said 14. A method of manufacturing flat glass 

region. in ribbon form on a bath of molten metal 100 

8. In the manufacture of flat glass ac- substantially as hereinbefore described with 
45 cording to either Claim 6 or Claim 7, main- reference to the accompanying drawings and 

taining in the region of the said outlet a with reference to the drawings accompany- 

protective atmosphere consisting of a gas ing the Provisional Specification, 
which is inert or substantially inert with an 15. Flat glass prepared by a method ac- 105 

admixture of about 3% to about 10% of a cording to any of the preceding Claims. 
50 reducing gas. 16. A sheet of glass cut from flat glass 

9. A method according to any of Claims according to Claim 15. 
2, 3 or 6 to 8. wherein there is maintained 

in the region of the inlet to the bath a pro- PAGE, WHITE & FARRER, 

tective atmosphere consisting of a gas which Chartered Patent Aeents, 

55 i s inert or substantially inert, with an ad- 27 Chancery Lane, 

mixture of about 2% to about 8% of a re- London, W.C.2, 

ducing gas. Agents for the Applicants. 
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